Abstract-This paper investigates the use of learning management systems as tools constituting student's personal learning environments in the degree of informatics applied to education in the National University of Chimborazo-Ecuador. The main result of this paper is that there is an increasing number of courses that rely on virtual classrooms, but learning occurs both in and out of these learning environments. This paper is the starting point for future research on the relevance, impact, and effectiveness of incorporating learning management systems in university teaching, as well as on relations and possibilities of integration between them, personal learning environments, and mobile learning trends.
I. INTRODUCTION

T HE integration of Information and Communication
Technologies (ICT) in the educational field has allowed the redesign of scenarios where the teaching and learning processes take place. This has caused a blurring of boundaries between face-to-face, blended and online education and also between formal, non-formal and informal education [1] . According to this, the roles of teacher and student need to change [2] . This means a new revolution in the way we conceive learning experiences compared to the way it was done before [3] .
It is important to point out that globally there is a massive incorporation of Learning Management Systems (LMS) platforms in the teaching practice [4] . For example, in Spain 91.78% of universities use both proprietary and open source platforms in their virtual campuses, where the open source platform Moodle is the most popular with 53.30% of learning platform instances [5] . At the moment of preparation of this paper, Moodle website registers 53,562 sites and 68,852,768 users across 231 countries [6] . Thus, an increasingly widespread use of this platform has taken place throughout the world. On the other hand, there are studies that recommend its use due to different factors such as flexibility, support and continuous improvement [7] . Moreover, Moodle allows working with several teaching models [8] , a very important functionality for the teacher in their role as mediator in the learning processes.
It is also known that learning has an individual dimension, because each person is unique, with his or her own interests, limitations and capabilities. Thus, each student requires a personalized process of knowledge acquisition process [9] . Therefore, there is a need to promote the so-called Personal Learning Environments (PLE), which can be understood as "the set of tools, data sources, connections and activities that each person uses assiduously to learn" [1] . In this regard, opportunities to enhance these learning spaces through the use of ICT appear.
Furthermore, at the National University of Chimborazo (a public institution of higher education located in Riobamba, a city localized 165 km south of Quito, the capital of Ecuador) the process of incorporating virtual teaching to classroom teaching began in 2009. Researchers and teachers of that university have established bLearning environments that combine traditional classes with the autonomous work of students mediated by technologies.
These new educational spaces, based on LMS, are mostly limited to the simple exposition of contents. Also, many of them lack clearly defined methods and specific strategies for this type of training [3] . This fact drives to wasting the potential that ICT provides, for example interaction and personalization.
Besides, it is known that formal education usually ends with the completion of the degree. However, people's learning process continues throughout their whole life [10] - [13] , in order to increase their performance in professional contexts. They must be ready to face learning tasks at workplaces that in many cases are still nonexistent.
In the case of Informatics, this situation is more evident, because software solutions are continuously evolving.
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However, although students build mastery of certain tools, these may already be obsolete at the moment students begin to work in their professional practice. This means that they should work with new applications, programming languages, design tools, etc. In light of the above, this paper is devoted to diagnosing the use of LMS as constitutive tools of students' PLE in the Informatics Applied to Education degree of Chimborazo National University in Ecuador. It is important to underline that these students enroll in their studies in the annual mode.
The rest of the paper is structured as follows. The theoretical foundation of this research is included in Section 2. The methodology appears in Section 3. In Section 4 the results are discussed and finally the conclusions are presented in Section 5.
II. PERSONAL LEARNING ENVIRONMENTS
The existence of a personal environment for learning is innate in humans, who are in a process of continuous learning and is maintained throughout their lives. These learning spaces are institutionalized, leading to what we call schooling, and direct responsibility for learning is attributed to it [14] .
PLE have always been present in the history of mankind; however, with the massive adoption and incorporation of ICT in most daily activities, we are increasingly flooded with information. In other words learning is not centralized, but rather various types of items, resources, subjects, settings, etc. influence it.
The wide use of web 2.0 tools in education-particularly in the university-is a reality, also supported by the availability of connectivity and Internet access offered by today's electronic devices such as laptops, netbooks, tablets, smart phones, cameras and other electronics. These devices continuously include more and more functionalities, connectivity and storage possibilities.
At present, students access the contents (we refer to them as content because not all content is information [15] ) in different ways and throughout several media: search engines, social networks, SMS, virtual classrooms, etc. This means alternative sources of information that are available to anyone, breaking also cultural and language barriers. However, these contents should be discussed, validated, curated and/or published [16] .
Then, these new systems formed by all the resources, activities and elements present in today's education constitute the so-called PLE that, according to [2] for monitoring students as an evidence guide of the performed activity." In the definition above, the PLE is even conceived outside the contexts that ICT may offer and it is extended to the social environment in which the person learns. Regarding technical features, it highlights the contribution of web 2.0 tools to the educational processes and the integration with other technologies and platforms that are present in the educational institutions and allow documenting the results of the learning processes.
A. Basic Structure of a PLE
According to Jordi Adell and Linda Castañeda's criterion [14] , a basic PLE includes three types of tools and strategies: reading, reflection and communication (taking into account strategies in terms of mechanisms and activities). When we refer to the involved tools in each part of the PLE, we find those which are included in the so-called Web 2.0, as well as many free software alternatives that are currently available, either for installation on devices and computers, or from the cloud.
Furthermore, these authors defend that "There is neither tools nor strategies or mechanisms that can be considered unique to a single part of the PLE" [14] , whereby one tool or resource could be exploited both to access information as well as to transform this information into knowledge through reflection. At the same time, the tool may provide spaces for socializing and sharing content, as for example with the use that can be given to documents in Google Drive, exposure and active participation in a videoconference or through blogs, to name some specific resources.
From a more technical perspective other authors propose a solution that emphasizes the interoperability and integration of different platforms [17] - [19] . Thus Conde-González states "PLE should be structured in services or in portable modular components that can be distributed at the whim of the user, which also allows adding new items" [20] .
This broad view suggests accessibility and availability of resources, tools, activities and personal networks from different devices even outside the institutional environment [21] , [22] and promoting a user-centered learning. All of this is pursued with PLE, unlike a learning-centered institution in the case of the LMS [23] .
B. Infrastructure of a PLE
Once the part of a PLE has been identified and the tools, mechanisms and activities that allow us to access, process and share learning have been defined, the elements constituting the infrastructure on which these environments are developed must be determined.
According to Casquero et al. [24] , an ideal PLE would provide students with one-way access to all the services they use and, once inside, the technological scenarios would be also unique, in order to ensure the learning personalization. This is now possible thanks to some technologies such as content syndication via RSS (Really Simple Syndication), which are formats for sharing content on the Web. This allows students to select only the most interesting topics for them, of which they will receive continuous updates. Similarly, each student's PLE may be a new information channel available for subscription.
The contents in these environments may be structured in three types of content management systems: blogs, wikis and LMS [25] , because they allow publishing, building and updating information, since any change they produce will automatically be reflected in the PLE through notifications. In addition, the contents could be complemented [14] , as well as the online archives offered by Google Drive.
Regarding the needed relationships for the suitable information flows within these environments, the network infrastructure needed to support a PLE should include nodes, connections between nodes and digital resources (learnstreaming). The nodes may be by the digital identity of each student and the connections between them would be established by both academic and private interests [24] .
C. Integration With LMS
These personal learning environments should be developed and enhanced for all educational levels. However, this study is contextualized specifically in higher education, in which the students have a specific technological resource that is now present in most higher education institutions, such as virtual classrooms managed through the institutional LMS [5] .
The scientific literature shows some proposals of LMS and PLE integrations [26] - [29] , thanks to some possible scenarios [30] .
1) LMS and the Existence of a PLE in Parallel:
This is the current way in which learning is carried out. On the one hand, students have access to a virtual space in the LMS for each subject. In these spaces they manage their learning activities, have access to their resources, tasks, interactions, assessments and so on. However, it is also true that the students use other resources outside these formal or institutional environments just in order to access other resources, process information and communicate with their peers, i.e. we may consider these non-formal virtual environments as their PLE. Nevertheless, if we want to have a real PLE in the higher education students' context, it is not possible to have a complete independence between the institutional LMS and each student's PLE, because the virtual learning spaces managed by the LMS are a fundamental part of the students' personal learning process and therefore must be present in their PLE [20] .
2) Opening the LMS Through the Inclusion of Web Services and Interoperability Initiatives:
In this second scenario, the LMS should be accessible from other tools included in the students' PLE. However the main barriers are the lack of openness in the design of the institutional platforms to be accessed by third parties and, on the other hand, the fact that those initiatives are focused on information exportation and not on 
3) Integration of External Tools in the LMS:
In this integration model, the selection of tools, which would be part of the PLE, comes from the LMS managers, who are responsible for designing and administering them, limiting in this way the students' freedom for choosing their own resources, for example the inclusion of social networks like Twitter in the LMS.
It is important to emphasize that the successful integration of the LMS in the PLE will be related to the flexibility, transparency and facility offered to both teacher and student, taking advantage of the potential that these new technological approaches offer, and ensuring the application of these new educational contexts centered on the student [20] , [23] .
III. METHODOLOGY
This research is based on a quantitative approach which belongs to a non-experimental study because it is developed without the deliberate manipulation of variables, and the phenomena are only observed in their natural environment to be analyzed afterwards [31] . Also, it is transversal or transactional because the data collection process is performed in a unique moment, and it is descriptive because it will investigate the use of LMS as constitutive tools of PLE in a group of university students.
The students of the Informatics Applied to Education degree in the National University of Chimborazo (Ecuador) (UNACH) who are enrolled in the annual mode form the population of this research. It is noteworthy that this degree is in the midst of a change process, from annual to biannual, although at the time of developing this study the third and fourth years of the annual modality are in force, with an academic period from September to July. We have chosen the annual modality due to the fact that, at the date of application of the instrument, the students have been working with virtual classrooms for a significant time (since September 2012), allowing more objective opinions-unlike courses in the biannual mode that have recently started the new academic year.
Enrolled students, who attend classes regularly in the academic year September 2012 -July 2013, are shown in Table I . Also, due to the small size of the group, we may consider the whole population.
The instrument used in this study is a questionnaire that included 19 items, based on the information collection documents submitted by Conde-González [20] from which we have tried to adapt the questions to the terminology used in the context of university Ecuadorian and according to the specialty of the students surveyed.
It has also included questions about accessing mobile devices and how the students see the LMS is managing their learning processes. This instrument was implemented using Google Docs forms and applied online.
IV. RESULTS
A. About the Tools to Access Information
In this section we are interested in knowing the appraisal that students give of the virtual classrooms as means of access to information and whether this access is made through other resources too.
Thus, only 14.6% disagree that there are enough contents (documents, presentations) available in virtual classrooms, while most do agree that these resources are enough (46.3%). If the data are deeply analyzed, no student answered that they strongly disagreed, while 9.8% strongly agreed. It is also important to mention that 29.3% are indifferent to this question. We can see these results in Table II .
Also, we want to know if they accessed all of the available resources. More than half of the respondents (51.2%) agreed that they accessed all available resources, one third of the respondents to this question were indifferent and a cumulative percentage of 12.2% said they did not access all that was published in the virtual classrooms.
On the other hand, there are obviously other online electronic media that students use in their learning. 87.8% of cumulative answers show students agree or strongly agree regarding the use of other online tools to review information about course topics-resources that are not found within virtual classrooms (Youtube, Wikipedia, forums, Slideshare, etc.). Figure 1 summarizes the respondents' opinions in this category of questions.
B. About the Tools for Edition and Publication of Information
Currently, there are many web 2.0 tools that allow editing and publishing documents, presentations and multimedia resources; these resources are available from the cloud, and require only a registration through an email account to use and publish. This section of questions inquires about the adoption of these tools in the group of surveyed students.
It should be noted that over 50% of respondents (56.1% cumulative) only use programs installed on their computer for editing contents. One out of three respondents (31.7% cumulative) disagrees or strongly disagrees with this statement, which suggests that this group of students are using online tools for editing documents, presentations, videos, images, etc.
With regard to the question about what resources students use for publishing the developed content, 24.4% disagree and 7.3% strongly disagree that the online platform is the only medium where they publish their content. However, more than half of the respondents, which corresponds to 51.2% cumulative, say that they only socialize their work through the tasks, wikis, glossaries and forums of the institutional LMS.
However, students do not publish the ir content only through the LMS: they do so through other online resources. In this case three out of every four students (75.6% cumulative) say they agree and strongly agree on using online tools for editing and publishing contents (documents, presentations, videos and images), which are not offered within LMS (Google Docs, Blogger, WordPress, YouTube, Flickr, SlideShare, Scribd, etc.), while only 9.8% of students think otherwise. Figure 2 summarizes the opinions of respondents in this category of questions.
C. About the Tools for Relationship and Communication
This group of questions deals with the resources that students use for their communication, where over 50% of surveyed students (51.2% cumulative) use channels like chat, messaging and forums of the institutional LMS only for academic purposes. In contrast, only 9.8% of the respondents strongly disagreed with this statement.
Moreover, about half of the respondents (48.8% cumulative) believe that the reason for using the forums of the virtual classroom is that they are mandatory. A smaller percentage of respondents (31.7%) participate in these communication channels without obligation, which suggests this functionality is important for this learning process.
For 82.9% (cumulative) of the students surveyed, it is very important to use social networks, chat, forums, and other types of online resources as media for academic purposes (given that 51.2% of the respondents agree with the statement and 31.7% strongly agree with it) while only two respondents do not share this statement. This suggests that this small group of students does not mix their online social spaces with their academic activities. Figure 3 is a summary of the opinions of respondents in this category of questions.
V. CONCLUSIONS
Some important conclusions can be drawn from this study, although because of the nature of the investigation they cannot be generalized.
However, this opens up important research lines in the field of ICT applied in teaching and learning processes at the National University of Chimborazo.
Regarding the use of virtual classrooms in the institutional LMS, although 39% of students polled in this study take advantage of virtual spaces for activities outside the academic context, most of them (61%) state that the use given to these virtual spaces is strictly academic. This invites to raise questions in the future about the effectiveness of this practice, the impact on academic performance, the quality of learning and motivation in educational processes.
The resources published in the LMS are considered to be enough for more than 50% of the surveyed students, although they do not use all available resources; besides, they rely on other online tools (YouTube, Wikipedia, forums, Slideshare, etc.) to review information related to the subjects.
Most of students use desktop programs to do their tasks. These are socialized through virtual classrooms, but the use of online tools for editing and publishing content is also evident.
LMS communication tools offered to students are mostly used for strictly academic purposes, inclusive; the participation in forums and chats is not natural to all of them, but it responds to extrinsic motivation seen as obligation. This could be due to the fact that a large number of respondents (82.9%) use other online resources such as social networking for academic activities.
Regarding the use of LMS functionalities as constitutive tools of the surveyed students' PLE, we can say that these virtual education scenarios allow accessing, editing and publishing much of the academic information. They also allow providing functionalities for communication and relationships with others. However, other external tools are used as well, so it is concluded that the institutional LMS is an important part but not enough to structure the students' PLE.
Furthermore, most of the respondents believe that the institutional LMS only manages their learning processes partially, because of other learning activities occurring outside the institutional context. The criterion in the group is divided in order to consider if this extra effort should be taken into account for the subjects' evaluation. However, there is a shared agreement (95.1%) on the possibility of integrating web 2.0 tools in virtual classrooms, which might become a big challenge for future projects of innovation and integration of ICT in learning processes.
It should also be noted that a great part of the surveyed students (73.2%) consider the mobile access to LMS functionalities and web 2.0 tools as an aid to their learning processes, which makes us think that in a near future the number of students who have or have access to a mobile device will increase. This percentage in the present study is only 22% of the surveyed students.
Finally, we are convinced that learning activities should be designed to promote the use, development and consolidation of the PLE and so take advantage of the continuous innovations in the field of ICT applied in educational processes.
